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lent work. Everyone with anything to do with Dictyoste- Wackett and Hershberger have summarized over 90
functional groups in organic molecules, ranging fromlium should read this. Scientists who are wondering
simple alcohols to tricycloaliphatic rings. Microbes arewhether or not to dip their toes will get a better idea of
known to have strategies for dealing with 58 of these.whether social amoebas are the answer to their experi-
The fact that the remaining functional groups, not yetmental needs. Recent converts will get a better feel for
documented to be attacked by microorganisms, arewhy their research subject behaves the way it does,
found in natural products and do not appear to accumu-and old lags will remember experiments they planned,
late in the environment suggests that microbes haveforgot, and ought to do right now. Finally, for anyone who
strategies for dealing with these functional groups asthought of Dictyostelium as a model system growing as
well.a homogenous brown suspension in flasks in the lab,
This process of microorganisms attacking organicthis book introduces the whole organism—closer to real-
compounds and converting them to other forms is theity, and more interesting to boot.
primary focus of Biocatalysis and Biodegradation. Bio-
degradation and biocatalysis are just two of a host ofRobert H. Insall
terms that microbiologists use to describe the microbialSchool of Biosciences
metabolism of organic compounds. Biodegradation isBirmingham University
commonly used in reference to microbial consumptionEdgbaston, Birmingham B15 2TT
of environmental contaminants, such as petroleum orUnited Kingdom
pesticides, or wastes, such as sewage or industrial efflu-
ents. The term biocatalysis is more generally applied to
microbial reactions that convert one organic compoundBreaking up Isn’t Hard to Do
to another that is of commercial value, such as ethanol,
solvents, or drugs. Thus, the same enzymes involved in
biodegradation can be employed in biocatalysis; whichBiocatalysis and Biodegradation
term is used just depends upon the process of interest.By Lawrence P. Wackett and C. Douglas Hershberger
In other fields of investigation, these same microbialWashington, DC: ASM Press (2001). 250 pp. $79.95
reactions have different terms such as decomposition,
remineralization, bioremediation, and biotransformation.
As Wackett and Hershberger point out in a very nice“We live in the Age of Bacteria (as it was in the beginning,
chapter on the history of investigation into biodegrada-is now and ever shall be, until the world ends)”
tion and biocatalysis, man has been aware of some of—Stephen Jay Gould, Nature, 1993
these processes, like food spoilage and the production
Microbes rule the Earth. The sheer number of prokary- of ethanol, for some time. The scientific study of such
otes, estimated at 5  1030, dwarfs that of other organ- transformations dates back to Pasteur’s research on
isms, and although microbes are small, they are active. spoilage during wine production. However, biodegrada-
The metabolism of microbes has a much greater impact tion really took off as a discipline with the increasing
on the global cycling of elements than the activity of recognition of the problems associated with introducing
any other organisms. Microbes are found wherever there industrial chemicals into the environment in the 1960s.
are larger, multicellular organisms, living in the soil, wa- Biodegradation research over the last four decades
ter, and air, as well as within the guts of most eukaryotes has produced some happy results. Just as microorgan-
themselves. Furthermore, microbes can be found in a isms evolved the capacity to extract energy from organic
variety of environments, such as hydrothermal fluids compounds on early Earth, microorganisms adapt to
and the vast subsurface below land and the sea bottom, attack new synthetic organic compounds as they are
which are too harsh or inaccessible for multicellular or- introduced into the environment. A recent example is
ganisms. the degradation of the gasoline oxygenate, methyl-tert-
In fact, microbes were the only living organisms for butyl ether (MTBE). It was initially thought that the ether
much of Earth’s history. It is likely that microbes first linkage in MTBE would be resistant to microbial attack,
emerged by taking advantage of chemical disequilibria especially under the anoxic conditions typically found
on early Earth, carrying out reactions, such as the oxida- in petroleum-contaminated subsurface environments.
tion of hydrogen coupled to the reduction of ferric iron, This, coupled with the widespread appearance of MTBE
that can yield large amounts of energy, but do not readily in groundwaters, suggested that MTBE might persist
take place at temperatures below 150 C in the absence in the environment. However, it is now clear that both
of a catalyst. From these simple beginnings, microbes aerobic and anaerobic microorganisms can degrade
developed the ability to catalyze increasingly complex, MTBE and evidence for natural and artificially stimulated
energy-yielding reactions in order to recover the energy microbial degradation of MTBE in contaminated envi-
sequestered in a diverse array of organic molecules. As ronments is becoming available.
life forms became more complex and organisms evolved Biodegradation research has produced a wealth of
new organic functional groups, microbes also devel- information on the susceptibility of various organic com-
oped strategies for enzymatically attacking these com- pounds to microbial attack and the metabolic pathways
pounds and extracting useful energy. In most instances, involved. Wackett and Hersberger do a wonderful job
microbes completely oxidize the organic compounds of synthesizing the vast amount of data into organizing
to carbon dioxide with the concurrent reduction of an principles for understanding and, in some instances,
electron acceptor such as oxygen, sulfate, nitrate, or predicting pathways for biodegradation. They describe
MetaMaps, which organize the biodegradation of or-ferric iron.
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ganic compounds with similar structures into groups of contaminant biodegradation with pure cultures of mi-
that make the commonality in basic microbial ap- croorganisms seems tractable with careful design of
proaches to degradation readily apparent. The value of media for isolation of the microbes of interest.
this book is greatly augmented by the availability of the As excellent as the book is, it could benefit from a
University of Minnesota Biocatalysis/Biodegradation chapter that deals with the environmental constraints on
data base (http://umbbd.ahc.umn.edu), which summa- biodegradation. Although the biodegradation abilities of
rizes a large number of the organic compounds known microorganisms are impressive, biodegradation has not
to be susceptible to microbial attack, the pathways for proven to be a panacea for organic contamination of
degradation, and some of the microorganisms known the environment. In many instances, the rate of microbial
to be capable of carrying out the relevant reactions. decontamination is too slow to prevent the spread of
As good a job as this book does in clearly and con- contaminants in groundwater or to restore surface envi-
cisely summarizing the vast amount of existing informa- ronments to a state suitable for most human needs.
tion on biodegradation, one of its main strengths is con- Reasons for this include (1) the organisms with the ap-
sistently emphasizing what is not known and suggesting propriate biodegradative abilities are not present; (2) the
areas of investigation ripe for future research. Wackett organisms are present but the availability of nutrients
and Hershberger emphasize that there are probably 10 or the appropriate electron donors or acceptors limit
million organic compounds on Earth whose biodegrada- activity; or (3) the contaminants are sequestered within
tion has not been studied and that the rate of introduc- the environmental matrix in such a way that the microor-
tion of new organic compounds by industry is much ganisms cannot access the contaminants. The physiologi-
faster than the biodegradation of these compounds can cal stresses on microorganisms living in soils, ground-
be investigated. Therefore, there is a need for the devel- water, or aquatic sediments is much different than when
opment of strategies that can predict the likely pathway these same organisms are living under more optimal
for the biodegradation of uninvestigated compounds conditions in culture flasks, and this can greatly impact
without conducting elaborate biodegradation studies. their biodegradative activity.
As emphasized in this book, some general rules for bio- One of the prime applications of information on bio-
degradation pathways are beginning to emerge, but the degradation is in the design of bioremediation strategies
ability to reliably predict the pathway for the degradation for contaminated environments. Unfortunately, only one
of new organic compounds is far from a reality. example of this is provided in the book, and this example
The increasing availability of microbial genomic data focuses on the use of a genetically engineered microor-
is expanding the understanding of microbial metabo- ganism. The vast majority of bioremediation is accom-
lism, but Wackett and Hershberger hold little hope that plished via the activity of indigenous microorganisms.
the study of microbial genomes alone will greatly ad- This book provides a very tight, coherent presentation
vance the field of biodegradation. The function of genes of a complex topic, providing a good overview of the
for novel biodegradation reactions cannot readily be important concepts without getting bogged down in the
predicted with current bioinformatics tools, even under details of all the potential biodegradation reactions,
the best of circumstances. For example, it may be possi- most of which can be found on the web site. Although
ble to determine via genomic analysis that an organism the book was written for graduate students and prac-
contains the gene for a cytochrome P450 monooxygen- titioners, it is likely to be an enjoyable read for anyone
ase, but determining what contaminants the cytochrome interested in the metabolic potential of microorganisms
interacts with is not possible without directly measuring or environmental sciences.
the activity of the protein. There is even less possibility of
predicting the function of a gene in a previously unknown
Derek R. Lovley
biodegradation reaction from just the gene sequence. For
Department of Microbiology
example, the fact that important contaminants such as
University of Massachusettsbenzene and polycyclic aromatic hydrocarbons can be
Amherst, Massachusetts 01003degraded anaerobically, as has recently been discov-
ered, could not have been predicted from genomic anal-
ysis, even if the complete genome sequences of all Nearly Twenty Years
microorganisms were available. This is because the en-
after Barry Marshall’s Big Gulpzymes capable of initiating an anaerobic attack on un-
substituted aromatic hydrocarbons are not known.
These considerations emphasize the need for further
Helicobacter pylori: Physiology and Geneticsstudy on the physiology and biochemistry of biodegra-
Edited by Harry L.T. Mobley, George L. Mendz,dation reactions in cultured microorganisms. It is often
and Stuart L. Hazellinferred that many of the environmentally relevant micro-
Washington, DC: ASM Press (2001). 608 pp. $125.95organisms cannot be cultured because only a small per-
centage of the microorganisms living on Earth have been
recovered in pure culture. However, molecular studies
You’ve probably heard this story. It is not apocryphal.of contaminated aquifers have suggested that the mi-
The whole episode evokes the zeitgeist of an earlier eracroorganisms that are responsible for the degradation
of investigator-initiated, hypothesis-driven experimen-of contaminants such as aromatic hydrocarbons and
tation where the subjects were the scientists them-chlorinated solvents are similar to microorganisms in
selves. Almost 20 years ago, stomach biopsies frompure culture which carry out similar degradative reac-
tions. Thus, the study of environmentally relevant forms patients were being cultured in an attempt to retrieve a
